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PREFACE

This historical monograph contains a detailed account of
the develomment, production, and deployment of the NIKE
AJAX Guided Missile System, from the inception of the
project early in 1945 through Jume 1959. It was prepared
for the Office, Chief of Ordnance, in compliance with
letter to the Commanding General, Army Rocket & Guided
Missile Agency, subject "Historical Monograph on Guided
Missiles," dated 8 May 1958.

Classified paragraphs are marked with "(C)"™ or "(S)" as
appropriate; all ummarked paragraphs are considered
unclassified.
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(U) I. INTRODUCTION

Origin of the NIKE Project

Early in 1944—over a year before the war in Europe ended—intelli-
gence reports reaching this country indicated that the Germans were in
process of developing extremely large rocket projectiles with a range of
more than 100 miles, which would soon be in combat use. These reports
also revealed that large, guided, rocket-type missiles had already been
used by the Germans with some success. Recognizing the high potential
military valge of such a projectile, American officials decided that a
development pfogram for a long-range rocket missile should be initiated
here.

Accordingly, in’February 1944, the Army Ground Forces sent the Army
Service Forces an inquiry concerning the development of a direction-
controlled, major caliber, antiaircraft rocket torpedo. At that time,
the development of a specific missile was considered undesirable because
of the basic research problems yet unsolved. Therefore, the Ordnance
Department decided that, for the time being, the antiaircraft study
should be incorporated into the general guided missile studies already
underway.

Based on the results of studies conducted during the next three
months, the Ordnance Technical Committee concluded that a long-term pro-
gram was required for the development of guided missiles, starting with
a series of experimental projects from which essential theoretical data
and practical experience could be obtained. So, in May 19&h, the Com-

mittee recommended that the Ordnance Department enter into development



contracts and procure pilot models of a long-range rocket missile, to-
gether with suitable launching equipment. The action recommended was
approved the following month and a basic research éfoject was initiated.l
Meanwhile, toward the end of World War II, it was becoming obvious
that new types of high-speed, high-altitude bomber aircraft, capable of

precision bombing while maneuvering, could not be effectively engaged

by conventional antiaircraft artillery. Because of the short projectile
range and maneuvering of the target during flight of the projectile, con-
ventional artillery guns were somewhat ineffective even against slow-speed
aircraft. Since there was litfle hope that these and other obstacles
could be overcome by further development, the need for a new weapon or a
new approach was indicated. The most profitable approach to the problem
appeared to be the development of a new weapon—a Jjet propelled surface-
to-air guided missile.2

Although some thought had been given to the antiaircraft problem as
a part of the general guided missile program, most of the research effort
had been devoted to long-range surface-to-surface weapons, such as the
CORPORAL. Iate in 1944, however, the advent of German jet propelled
pursuit planeé in combat created an immediate need for a tactical anti-
aircraft weapon that could be used effectively against them.3 This was

followed by a chain of positive actions that led to the development of

1. OCM Item 23905, "LONG-RANGE ROCKET AND LAUNCHING EQULFMENT - Initiation

< of Development Project, Recommended,” 25 May 44; and OCM Item 24023,
. "LONG-RANGE ROCKET AND IAUNCHING EQUIPMENT - Initiation of Development
. Project, Approved," 1 Jun 44 (ARGMA Tech Library).

2. "An Introduction to Guided Missiles," The Antiaircraft Artillery &
Guided Missile School, Ft Bliss, Tex., Special Text 44-150, Apr 53,
p. 3 (ARGMA Tech Library).

3. "Weapons for the Defeat of Aircraft," 0CO, Oct 53, 3:3 (ARGMA Tech
Library).




a specific antiaireraft weapon system.

Approval for the development of antiaircraft guided missiles was
given by the Army Service Forces in an official commnication to the
Chief of Ordnance dated 26 January 191&5.h Later in the same month, the
Office, Chief of Ordnance sent a letter to the Bell Telephone Laﬁoratories
(BTL) authorizing coﬂtract negotiations for a formal study to determine
the technical characteristics of an antiaircraft guided missile.5 At the
seme time, the Army Air Corps was trying to engage these same facilities
to study a similar problem for winged missiles. Since BTL was not pre-
pared to undertake both studies, it was decided that the contract would
be awarded on a comprehensive study basis without limitation as to whether
the missile would be winged or wingless. Accordingly, the original con-
tract was jointly sPdnsored by the Army Air Corps and Ordnance Department,
and the study results were shared eqnally.6

Thus, Project NIKE ceme into being on 8 February 1945, when a con-
tract wvas issued to the Western Electric Company (WECo) for BTL to perform
a complete paper study of antiaircraft guided missile problems.7 Speci-
fically, BTL was asked to explore the feasibility of constructing an
antiaircraft defense.system that would be capable of engaging high-speed,
paneuverable bombers far beyond the range of ordinary antiaircraft

defenses. The target was designated as a 600-mph bomber of the B-29 type,

. Ltr, OCO to ASF, file 0.0. 471.6/1392, 1B Jan 45; and 1st Ind thereto,
ASF to 0C0, 26 Jan 45 (cited in OCM 29012, 13 Sep 45).

5. Ltr, 0CO to BTL, file 0.0. 400.112/18428, subj: "Proposed Study of
Antiaircraft Problems by Bell Telephone Laboratories," 31 Jan L5.

6. "Ordnance Guided Missile & Rocket Programs - NIKE," RSA, 30 Jun 55,

, II:4 (ARGMA Tech Library).

. T. Ltr Order W-30-069-ORD-3182, 8 Feb 45, NYOD.




flying at altitudes from twenty to sixty thousand feet and capable of a
388 maneuver at forty‘thousand feet. The range of attack was to extend

to sixty thousand feet ground range.9

Feasibility Study - System Philosophy

An early analysis of the antiaircraft guided missile problem con-
firmed the fact that a ground-controlled guided missile would be required,
because of the specification for long range and the requirement of coun-
tering maneuver. Foilowing this decision, active work on the project
was underteken by BTL and its staff of several thousand sclentists and
engineers. During the initial study period, which was virtually complete
by the middle of May 1945, BTL was assisted by many scientific groups
skilled in the techniques required to make a successful antiaircraft
guided misslile system,

The study phase culminated in an oral presenfation to about seventy
officers and civilians of the Army on 14 May 1945, followed by & formal
report entitled "AAGM Report"lo on 15 July 1945. The latter report
formed the basis for examination and experimental verification of the
many problems with which designers were faced. It showed good likeli-
hood that an effective surface-to-air guided missile could be evolved by
extending radar and electronic computer techniques developed during the
war, and by egploring the little known realms of supersonic flight.

The design of the weapon system proposed in the AAGM Report was

8., "g" is defined as the gravitational acceleration of terrestrial bodies
toward the center of the earth, which is about 32.16 feet per sec per
sec.

9. "Project NIKE System Test Report," BTL and DAC, 1 Sep 53, 1:3 (ARGMA
Tech Library).

10. A study of an Antiaircraft Guided Missile System.



dictated by two primary considerations. First, to expedite development
of the new weapon, it was felt that the system design should be based on
known devices, methods, and techniques in the various engineering fields.
In effect, this meant that system development should not be delayed
pending completion of research projects which were still in a stage of
uncertain. success. To illustrate, this philosophy dictated the use of
a liquid fuel rocket motor, rather than other theoretically superior but
undeveloped propulsion systems; while on the other hand, radar require-
ments for the command system required several-fold improvement in accuracy
over the performance of any existing radar. The second axiom accepted
into the system design philosophy was that the major complexity of the
system should be locafed on the ground, leaving the vehicle itself as
simple and reliable as possible. In line with the latter consideration,
it was found possible to concentrate on the ground not only the guidance
function, but the fuzing function as well, since fhe accuracy of the
system was sufficient to pin point the burst with great décuracy relative
to the target.ll

After surveying the state of the art12 and investigating feasible
means of propulsion and guidance, BTL scientists reduced their findings
into a specific recommendation:

"A supersonic rocket missile should be vertically launched

under the thrust of a solid-fuel booster which was then to

be dropped; thence, self-propelled by a liquid-fuel motor,

the missile should be guided to a predicted intercept point
in space and detonated by remote control commands; these

1l. Test Report, op. cit., 1l:k.

12, Tech info re contemporary German AAGM projects, such as Wasserfall,
Enzian, Rheintochter or Schmetterling, was not yet aval.



commands should be transmitted by redio signals determined
by a ground-based computer associated with radar whichl
would track both the target and the missile in flight. 3
At the outset, it was recognized that the construction of a tacti-
cal weapons system from the basic concept described in the AAGM Report
would require extensive development effort. Many complex technical

problems would have to be solved; innumerable test vehicles would have

to be designed, built, and tested; numerous components would have to be
combined and integrated into an automatically operative system; and
finally, the composite system would have to be flight tested to prove
component performance under field conditions. But before these objec-
tives could be realized, an effective R&D program geared to meet
Ordnance requirements had to be organized, and basic policies and pro-
cedures had to be established to assure top level control and
coordination of the overall program. It is the program planning and

development effort to which this study now turns.

13. "Project NIKE, History of Development,” BIL and DAC, 1 Apr 5G4, 1:2;
verified by "AAGM Report" (A Study of an Antiaircraft Guided Missile
System) BTL, 15 Jul 45 (ARGMA Tech Library).



(U) II. DEVELOPMENT OF THE PROGRAM

On 16 June 1945, following the verbal presentation of feasibility
study results in May, the Ordnance Department-—with agreement of the
Air Corps~—assumed full sponsorship of Project NIKE and charged the
WECo and BTL, as princigiL-aubcontractor, with full responsibility for
its execution. By September 1945, sufficient progress had been made in
the preliminary study phase to warrant the initiation of a project for
the development of an antiaircraft guided missile for groﬁnd to air
firing.

Initiation of Development Project

The initial development plan, as approved‘by the Ordnance Technical
Cormittee on 13, September 1945, was based on tentafive military charac-
teristics recommended by the Antiaircraft Artillery Boa.rd.l These
characteristics described a self-propelled guided missile, complete with
a suitable fire control system and launching equipment, for use against
high-speed aerial targets. Since the state of development at that time
did not permit establishment of detailed characteristics, the Antiair-
craft Artillery Board indicated that the tentative requirements should
be considered as "desirable but not restrictive.” Accordingly, the
tentative characteristics were accepted as a guide in the initial develop-
2

ment project and were subject to revision as the design developed.

Based on the foregoing action, the WECo contract (W-30-069-0RD-3182)

1. See Appendix 1 for complete list of tentative mil characteristics.
2. 0OCM 29012, "Antiaircraft Guided Missile for Ground to Air Firing -
Initiation of a Development Project, Recommended," 13 Sep L45;

approved by OCM 29277, 4 Oct 45 (ARGMA Tech Library).

L




was supplemented on 21 September 1945 to increase the scope of work.
Including a fixed fee of 5%, this contract supplement amounted to
$4,895,450., It covered the research, design, deveiopment and engineering
vork required to produce a suitable guided ﬁiss{;e, together with the
necessary accessories and related launching equipment, to attack high-
speed (up to 600 mph), high altitude (60,000 feet) aircraft.>

Organization of the R&D Program

The NIKE R&D Program, as organized by BTL, was based on the inte-
gration of skills of various industrial organizations. The Douglas
Aircraft Company (DAC), which had already been active in the guided
missile field during the war under sponsorship of the National Defense
Research Council, accepted the major subcontract for the required aero-
dynamic studies, for the engineering and fabrication of the missiles with
the associated booster and launcher devices, and for conducting the
proving ground firing tests. In turn, DAC called upon the Aerojet
Engineering Corporationh for the liquid-fuel rocket motor and solid-
fuel booster rockets. The Jet Propulsion laboratory (JPL) of the
California Institute of Technology consented fo act as consultant on
propulsion system matters for both DAC and Aerojet. The assistance of
ﬁumerous other companies and agencies was enlisted to develop specialized
instruments needed in the process of testing the components and the
ballistic performance of the system.

In addition to the overall mansgement of the project, BTL reserved,

as its own technical domain, the design and construction of the radars

3. Walter R. Bylund, History of NIKEgﬁro‘ect,VEH Apr S5k, NYOD.
L. Now known as Aerojet-General Corporation.




and computer, and the development of the guidance and missile control
system, as well as the missile borne responder and command receiver
system. BTL further undertook the determination of the best warhead
configuration in close cooperation with the Ballistics Research Labora-
tory (BRL) at Aberdeen Proving Ground. With the full approval of the
Chief of Ordnance, BTL also retained the initiative in and responsibility
for all major technical decisions, Emphasizing the desirability of such
unified system coordination, the Chief of Ordnance established resident
liaison offices at the contractors' locations.”

Pursuant to existing policy relating to the development of guided
missile systems, Army Ordnance retained the responsibility for develop-
ment of those items falling in fields familiar to Ordnance and other
-technical services. However, requirements for the various components
were determined by the prime contractor in the exercise of his overall
responsibility for the system.

Accordingly, the responsibility for development of the high
explosive fragmentation warhead was assigned to Picatinny Arsenal, with
Frankford Arsenal and the Diamond Ordnance Fuze~ln$oratory receiving
assignments on safety and arming mechanisﬁs. Some of this work was
- contracted by Picatinny and Frankford Arsenals. ‘

Parts of the M5 JATOS vere developed by the Allegany Ballistics -
Laboratory under contract to the Bureau of Ordnance of the Navy. Among
these were the metal case, nozzle, grain, igniter, and internal parts.

Other parts, 1ncludiﬁg the fins, thrust structure, launching lugs, nozzle

5. Project NIKE, History of Development, op. cit., 1:3.
6. Occasionally referred to as the NIKE I Booster.
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shroud, and fin mounting fittings, were developed by the BTL-DAC team.

The Corps of Engineers performed or contracted for the design of
equipment for underground launchers and fixed sites, including elevators
and associated mechanisms. The Corps of Engineers designed the engine
generators and frequency converters, performed the product improvement
effort on compressors, and developed air conditioning units and blast
deflectors.

The Signal Corps was the responsible agency for development of the
missile batteries and battery chargers, and also provided system com-
munications equipment.

Redstone Arsenal was responsible for the design of missile ship-
ping and storage containers. This work was contracted sepa.rately.7

Program Control and Policy Guidance

From the date of inception of the NIKE Project to August 1951, the
program was directed, coordinated, and supervised by the Rocket Branch
of the Office, Chief of Ordnance. On or about 16 August 1951, the
responsibility for conduct of the NIKE program was transferred from
the Rocket Branch, 0CO, to Redstone Arsenal, the latter then becoming
the sole source of instruction to the contractor. In general, the
responsibilities transferred to Redstone Arsenal covered the monitoring,
coordinating, and conducting of the technical aspects of the project.
The Rocket Branch, OCO, retained responsibility for general direction
and for rendering decisions in such matters as (1) policy, scope, and

objectives of the project, and (2) original approach and major changes

T. Ord Guided Missile & Rocket Programs - NIKE, op. cit., II:49 f.



in the design, performance, and operation of the missile.8 In February
1953; Redstone Arsenal assumed the additional responsibility of main-
taining close technical liaison with other Government field installations
engaged in development projects related to the NIKE System.9

Basic program guidance was published in the form of Ordnance
Technical Committee Meeting Items.lo

The R&D phase of the program was guided by carefully planned programs
and schedules, which were reviewed once or twice a year in joint planning
conferences. Ordnance representatives exercised continuous supervision
over project developments to assure that a realistic outlook toward
eventual tactical requirements was maintained, that cooperation of exist-
ing dovernment research and test facilities was secured, and that such
facilities were used to the maximum practical extent.

Early in the program, a basic philosophy of procedure vas adopted to
insure the timely accomplishment of the goal of proving the command type
of antiaircraft guided missile weapon as a practical system. The R&D
phase was designed to lead in due course to a convincing field system
test of a complete physical array of equipment. Although it was to be
fully operative and reasonably approximate the desired performance

characteristics of the ultimate tactical version, it did not necessarily

have to possess all the practical features which would be demanded of

B, Ltr, 0CO to CO RSA, file ORDTU 0.0. 682/159, subj "Transfer of
Research and Development Responsibility to Redstone Arsenal," dated
26 Jul 51 (see Appendix 2).

9. Ltr, 0CO to CG RSA, file ORDTU 0.0. 471.9/303, subj "Assigmment of
Responsibility for Technical Supervision of Developments Related to
the NIKE Project," dated 19 Feb 53 (see Appendix 3).

10. For compl list of OCM's relating to NIKE Proj, see Appendix k.
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combat-serviceable tactical articles. Consequently, it was agreed that
it would not matter if the test system hardware were so intricate or
experimental as to require maintenance by specialists and operation by
engineers and technicians rather than soldiers. Prototype or model con-
struction techniques could be used; quantity production aspects could be
ignored. However, as noted in the preceding chapter of this study, it
was decided that the system design should be based on proven devices,
methods, and techniques, rather than unproven or radically new ones, in
order to expedite the project. Furthermore, it was decided to measure
everything that was necessary in order to monitor the desired perform-
ance, even if it meant the acquisition of special instruments or the
design and construction of new ones,

The benefits derived from these policies and procedures were mani-
fold. In numerous instances, instrumentation and photographic records
revealed unsuspected phenomena or disclosed reasons for missile
misbehavior which could not have been otherwise foreseen. Of particular
significance was the field of supersonic missile flight. Here much new
information had to be gleaned from numerous test firings which were
arranged to yield data covering not only those areas which would
corroborate wind-tunnel tests, but also those which would bridge previous
gaps of knowledge of 1lift, drag, and control characteristics. Many
other lessons concerning missile stability, launching, boosting, tracking,

and guidance detonation had to be learmed in the course of actual

experiments in flight.ll

11. Project NIKE, History of Development, op. cit., 1l:k.
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(U) III. THE DEVELOPMENT PROGRAM LEADING TO SYSTEM TESTS

The R&D phase of the project actually extended over a period of
some seven years, in the course of which a completely operative experi-
menfal weapon known as the NIKE R&D System was created. It comprised
most of the essential components of a realistic tactical system, the
first practical embodiment of which eventually overtook it when a
tactical design, designated as NIKE I, was put into customer's test
and even troop training operation while the R&D phase was still in its
final stage.

This chapter describes the evolution of the NIKE System—how it
progressed from a drawing board conception, through a series of develop-
mental stages, to reach its climax as a complete experimental system for
demonstration and test purposes begimning in late 1951. An effort is
made to relate the NIKE development story in historical sequence as it
unfolded itself; however, to minimize interruption and resumption of the
tale of developmental progress of various components, the presentation
must necessarily depart from a true chronological narrative. Yet, the
various development phases of the program are divided roughly into
calendar years for easy reference. The completion of one program phase
and the beginning of the next did not always coincide with the new year
or‘recur at twelve-month intervals; and the design, shop, laboratory,
and field work of the various development phases had to overlap.

Plan of Development

The first outline of a hopeful minimim schedule, drafted as early

as 27 July 1945, envisioned the execution of NIKE development by four
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agencies as listed in Figure 1. As the project progressed, however, this
rather optimistic schedule had to be repeatedly revised. For instance,
the total number of articles tested tripled the number visualized in the
original estimate, and the time of the entire R&D program extended to
April 1952—that is, to six and three-quarters yeérs rather than four.

The actual history of the project, as viewed in retrospect, is re-
flected ‘in Figure 2. The progress of the complex system is divided into
major channels of pursuit relating to the computer, the radars, the
control machinery, the booster, the missile structure, its aerodynamic
performance, and its damage potential. Here again, the story cannot be
told by merely following these columns through the years, because the
efforts overlap, branch off, and recombine, and because other components
such as the launcher, the test equipment, and accessories came into focal
view as specific problems were encountered.

In line with the schedule shown in Figure 2, the project was broken
down into several phases, each of which was established as a yearly
development program. The 1946 Missile, designated as Model NIKE-46, was
to be designed and fabricated for a field test program to study uncon-
trolled vertical flight. Wooden durmies and powered NIKE-46 Missiles
wvere scheduled for firing at White Sands Proving Ground to provide
information on launching methods, booster propulsion, separation, motor
performance, and flight stability data. The NIKE-47 model was to be a
revised version of the NIKE-46 for continued uncontrolled vertical
flight studies. Programmed control and roll stabilization were to b;
incorporated and tested in the NIKE-U48 model. The final product, with

full ground control and warhead provisions, was scheduled for completion
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and test as the NIKE-49 model.

Basic Design Concept and Specifications

As specified in the initial AAGM study, the NIKE Missile was, to be
designed to provide a defense against aircraft capable of flying at 600
miles per hour at 60,000 feet altitude. The approximate practical
horizontal rahge of the weapon was to be on the order of 12 miles. The
highly maneuverable, high-speed missile was to be launched and steered
from ﬁhé ground, and guided to impact by signals derived from a radar
trécking system.

’ The missile was proposed to be about 19 feet long, with an overall
weight of 1,000 pouhds, 300 pounds of which would be the weight of the
fuél-and oxidizer. Four large triangular fins were to be provided at
thé éft-end of the fuselage, with four movable surfaces forward for
miésiie control and guidance., The missile was to be fired vertically
from.a launching assembly of guide rails, and boosted to supersonic
speed in about two seconds by a high-thrust booster unit having eight
solid fuel rockets, with a total thrust of 93,000 pounds, arranged
concentrically about the tail of the missile. The weight of this type
of booster unit, with fins, was calculated at 2,020 pounds.

jAt the end of the boost phase, the booster assembly would be
dropped and the missile would travel under its own liquid-fuel rocket
pover until the propellants were consumed,.then zoom to impact. The

performance characteristics were calculated on the basis of the use of

L}

a 3,000 pound thrust, regeneratively cooled rocket sustaining motor,
with an aniline mixture as fuel and red fuming nitric acid as oxidizer,

having a burn-out at 2k.3 seconds after launching. The propellant tanks
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would be pressurized by metered pressure from a high-pressure nitrogen
storage system.

The velocities expected from the missile were initially conceived
at 1,750 feet per second at the end of a booster phase of 1.8 seconds,
increasing almost continually to about 2,500 feet per second at the end
of the missile motor operation, then decreasing to 1,150 feet per second
at 96,000 feet during the zooming period. Calculations of velocity were
not established beyond this point—a Mach number of l.2-because of
uncertainty of contrél in the transonic region. The accelerations
expected were about 25g at the start, increasing to about 35g at the end
of thé booster phase. A missile maneuverability requirement of 5g at
40,000 feet was tentatively chosen.

A stabilization system was to be incorporated to control the move-
ment of the missile in roll, pitch, and yaw. A guidance system would
maintain the missile upon an optimum trajectory to the polnt of frag-
mentation, based on data supplied by two radars—one tracking the target
and the other tracking the missile—correlated and é;nverted into
steering information by a computer. The plan called for optimum frag-
mentation of the missile and warhead by a burst signal computed for
each encounter for greatest kill probability.l

The NIKE R&D System, which was later developed by the foregoing
specifications, is a_lineal descendant of the original system conceived
in the AAGM Report and differs from it only in comparatively minor

respects. The nature of these'changes'and the subsequent history of

1. "Project NIKE Technical Report," BIL, 15 Jul 4(, sec 2, chap 1, p. 2
(ARGMA Tech Lib, R-14951).
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NIKE development are fully treated in the succeeding portions of this
chapter.

Preliminary Design Studies

The latter half of 1945 and early 1946 was spent in planning the
detailed requirements of the various components and in making early
design studies and tests. The DAC came into the picture at this time
and began a complete study of the aerodynamics of the missile as pro-
posed in the initial AAGM study. Booster design was also started at
this time by the Aerojet Manufacturing Company.

One of the first deliberate departures from the original system
recommendations, accepted in the fall of 1945, concerned the radar
tracking system. A study of the angular accuracy requirements of the
tracking radars and echo fluctuation measurements on metal-painted free
balloons and airplanes in flight revealed that conical lobing methods

would be inadequate to yleld the required smoothness and accuracy of

data.2 Radars had been used extensively during the war, not only for

surveillance and detection, but also for the pointing of antiaircraft
guns. Yet none of these was sufficiently accurate for the problems
posed by the gulded missile. Since the standard lobing radars devel-
oped during the war were limited by rapid pulse-to-pulse fading, it
wvas obvious that a more accurate radar would have to be developed
specifically for NIKE. The smoothness of output would have to be such
that target acceleration maneuvers could be promptly detected and

countered without long delays necessitated by smoothing rough data.

2. S. Darlington, "Radar Specifications for Project NIKE," Rept MM-L5-
110-78,. 1 Nov 45 (ARGMA Tech Iib).
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Hence, a decision was made to develop a radar system which would provide
an independent measurement of angular error on each pulse (monopulse
type) and thus eliminate angular perturbations caused by rapid pulse-to-
pulse fading.

Two different monopulse sytems were studied. One was a phase com-
parison system, and the other an amplitude null system, in which the
rapid fading signals received from the two-lobed beams are subtracted
from each other to obtain the angle error signal. The latter method was
decided upon because it was simpler and more readily mechanized.

Of other radar features, attention was focused on the problem of
obtaining high transmitter power with a wide range of tunability to
attain maximum protection from jamming. This study resulted in the
development of 250-kilowatt X-band and 1000-kilowatt S-band tunable
magnetrons for the NIKE and T-33 radars.

A missile model of 0.4 scale was built in order to measure its radar
reflectivity. Tests with a K-band radar illuminating the model led to
the coneclusion that in reflection tracking a range of between 50,00Q)and
100,000 feet could be attained with a radar peak power of 125 kilowatts
at X-band. This would barely meet the original requirement of a 60,000
foot range for the missile. Meanwhile, it was fowld desirable to extend
missile performance to 150,000 feet and the missile tracking range a like
distance., To obtain a reliable ;ignal from the missile by reflection
tracking to this range would have required techniques toé far beyond the
state of the art. The only alternative was to place a beacon responder
in the missile to insure a clear missile signal. There were a number of

other equally important factors that justified the use of the beacon
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responder. First, the missile had to be acquired in the launcher despite
the presence of stroﬁg ground echoes; second, at the separation of
booster from the missile, both parts were likely ta return equally strong
reflection signals so that the booster could pull the radar off the
missile; third, the flame during motor burning might cause tracking
interference; and finally, during the end game the missile radar would
have trouble distinguishing between the missile and target as the ranges
became coincident. All of these problems were successfully solved by the
responder, which proﬁided an echo signal consideraﬁly stronger and
different in frequency from any of the interfering signals.

Next to be considered were the problems connected with the design
and operation of a suitable responder of very light weight. To obtain
the features of a responder, it was only necessary to add a relatively
small transmitter unit to the X-band receiver which was already required
on board the missile to receive the steering and bﬁrst orders. Modulator
circuits of the ground-to-missile communication system were constructed
and successfully tested in the laboratory for performance.

Early in the deéign study phase, it became apparent that the actu-
ators for the control surfaces> would require servomechanisms whose
speed and torque exceeded that of any type then available. Because of
the wide range of aerodynaﬁic stiffness encountered, it was also recog-

nized that the servos would have to he stable over a range of gain of

3. Control Surface is defined as a movable airfoil designed to be
rotated or otherwise moved by control servomechanism in order to
change the attitude of the aircraft. In final stage of steering,
control surfaces change the flight path of the missile by application
of some force in response to the directing signals.




more than fifty to one. The actuators would have to operate fins whose
aerodynamic hinge moments could be of the order of 2,000 inch-pounds in
the case of roll, and 700 inch-pounds in the case of steering. Full
deflection of fifteen degrees would have to be attained in about 0.1
second. A study of the problem indicated that it should be possible to
fulfill these requirements with a hydraulic servo system governed by an
electrically controlled valve. Since no valve was avallable to meet
these requirements, a special development program was initiated to
produce a series of hydraulic valves which were eventually used in all
NIKE missiles.

As to the control scheme for the servo system, it was agreed that
the main feedback would have to come from a free position gyro for roll
control and from transverse accelerometers for the steering orders.
Gyroscopes of various makes had already been developed for other pur-
poses and mainly required the installation of suitable potentiometer
pick-ups. Accelerometer transducers, however, were not cuirently
available in a suitable range and with appropriate damping. Conse-
qﬁently, a program was initiated to develop a special NIKE accelero-
meter transducer with magnetic damping. The hydraulic servo power
system comprising actuator pistons, pressure vessels, and plumbing
could be recruited with minor refinements from the contemporary
aircraft hydraulic art.

In the meantime, DAC had started an intensive study to determine
the aerodynamic characteristics likely to be obtained from the missile
configuration assumed in the AAGM Report. Thg advantages of the canard

arrangement and the delta shape of the cruciform rear fins were soon

22
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confirmed and retained throughout the development period. The movable
fins in the forward part, however, were redesigned. They were reduced
in area, moved farther ahead toward the nose for greater leverage, and
their shape was altered from trapezoidal to a twenty-three-degree
semi-vertex angle delta for lower drag and smaller center of pressure
shift. Wind-tunnel tests were then conducted on a scale model of the
new configuration at a Mach number of 1.72 in the only supersonic
facility then available; viz., the Ballistics Research Laboratory at
Aberdeen Proving Ground (AFG). Though scanty in many respects, the test
results gave the first directly applicable data concerning the aero-
dynamic behavior of this type vehicle in 1lift, drag, and pitching

h

moment.' Moreover, they partly confirmed and partly eased the con-
servative assumptibns or restrictions adapted in the AAGM Report.

The NIKE missile structure was to be designed to provide adequate
‘étrength and rigidity with the least possible weight. Since a missile
is expended on each flight, non-strategic materials were to be used
wherever possible without sacrificing the strenéth-to-weight ratio
needed to obtain rapid acceleration during the boost phase and high
maneuverability during the guided flight phase. Other factors in-
fluencing the missile body design were aserodynamic smoothness, warhead
?ragﬁent spray pattern, component packaging, and access to installations.
Surface smoothness and the minimum practical thickness compatible with

rigidity requirements were the main design criteria for the fins.

A preliminary design study of a practical missile structure dealt

L. M. W, Conti, "Wind-Tunnel Tests of NIKE Models, Mach No. 1.72," BRL
Memo Rept 425, 2 Apr 46 (ARGMA Tech Lib).
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with such problems as weight estimates, center of gravity due to fuel
consumption, fuel flow, and ease of fabrication and assembly. For ease
of fabrication, the tank structures were changed to comprise two spheri-
> cal air pressure tanks and two separate cylindrical tanks for acid and

aniline fuel, respectively. This simplified the fin attach structure

and facilitated tank testing and accommodation of accessories in
functionally-grouped sub-assemblies. The electronic guidance compart-
ment and center warhead were interchanged to improve balance; In the
area of control fins and their mechanisms, staggered shafts for pitch
and yaw fins were advocated. As to the rear body, a sturdy motor mount
was envisioned, with its plumbing readily accessible. .

On the basis of experience just being gained with WAC CORPORAL
‘missiles undergoing tests at White Sands Proving Ground (WSFG)*, design
. studies of cooled and uncooled motofs were begun at Aerojet Corporation.
| The choice of a suitable and industrially procurable booster was

narrowed down to two alternatives: one comprising eight ten-inch T-10OEl
rockets, and the other a quadruple cluster of thirteen and one-half-inch
Aerojet rockets. Canting the rockets or their nozzles was considered
as a possible means to reduce or avoild undesirable thrust moments. The
| booster-to-missile attachment was studied with a view to avoiding high
loads and separation difficulties.
A continuing program of warhead design and experiments was carried

on between BTL and BRL. The first proposed warhead consisted of a

small tapered central cylinder of high explosive which would eject a

* Now known as White Sands Missile Range-——nsme changed in 1958.
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mass of shrapnel pellets in a flat expanding disk-shaped shower, whose
velocity was essentially the missile's terminal velocity. Meanwhile,
new data on smell high-velocity fragmentation warheads made these appear
more attractive from the lethality point of view and also because they
allowed for the possibility of an effective tail chase. For the next
four years, an experimental program was carried on to produce an ade-
quately wide fragment beam, to obtain uniform velocity distribution over
the beam,'and to provide uniform break-up into fragments of the double-
wound wrap of wire which constituted the source of the lethal particles.5
The design studies and decisions just discussed were reviewed in a
planning conference on 28 January 1946, and the development program for

the 1946 NIKE was established.

System Component Development and First Test Firings
(January 1946 to January 1947)

The period essentially covering the year 1946 was deliberately
devoted to the independent development of major system components, which
was pushed forward on many technical fronts. It included laboratory
simulator work and culminated in the first real experimental missile
firings anthe test range.

As s£ated in the section dealing with the plan of development, the
1946 NIKE was to be designed and fabricated for uncontrolled vertical
flight tests to provide information on launching methods, booster pro-
pulsion, separation, motor performance, and flight stability. While
the prelﬁminary design studies were being reduced to practical

application in the form of the 1946 NIKE missile, work was continued on

5. NIKE Project Status Report, BTL, 15 Jan 46 (ARGMA Tech Lib).
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the development of ground guidance components for installation and test
in later missiles.
Radar

To gain experience with monopulse tracking in the X-band region, an
SCR-545 radar was converted to this new type of operation. In making
this conversion, the antenns system was replaced by a monopulse rapid-
feding (RF) system with a lens antenna. The performance of the SCR-545
mount for the monopulse system was improved by the addition of ta-
chometer feedback in the angle servos.

‘As originally envisioned in the AAGM Report, the target and missile
tracking radars were to be combined into a single mount with two separate
lens antennas mounted on a rotatable beam structure on top of a common
redar van. The azimuth of the target radar beam was to be adjusted by
moving the entire beam structure, and the difference between the target
azlmth and the missile azimuth was to be adjusted by moving the missile
radar antenna with respect to the beam structure. This original plan was
dropped mainly because of the excessive power requirements to meet the
sleving rates and because of the problem of one antenns assembly shadow-
ing the other when mounted in such close proximity.

Consideration was then given to the idea of having both antennsas
rotate in azimuth with respect to the beam structure and msking the beam
structure rotate only as required to prevent shadowing. Further study
of this dual mount, however, revealed serious drawbacks, such as severe
requirements of the mechanical rigidity of the top-heavy rotating super-
structure, bending of the beam assembly due to solar heat, and the

problem of placement of a common vehicle so that radar visibility is




27

obtained to all launchers without Jeopardy of best target coverage of
the defense zone.

To avoid these difficulties, it was finally decided to abandon the
dual mount structure and accept completely separate mounts as a more
attractive solution. With each track antenns assembly mounted on a
separatg low-slung flat bed trailer, both’mounts must be accurately
leveled and an adjustable parallax correction provided in the computer.

The basic power supply for the radar was standardized at LOO cycles
per second rather than the usual sixty cycles per second because of
saving in weight and size for power equipment. Experimental studies of
the acquisition radar resulted in the choice of S-band and in the raising
of the power requirement of the tunable magnetron tube to 1,000
kilowatts.6
Computer

In a system such as NIKE, the characteristics of the guidance com-
puter are of criticel importance during the last few seconds before
intercept. It was recognized that one of the terminal accuracy problems
centered around the possibility of filtering out the tracking noise
without unduly delaying the recognition of a true target maneuver. Some
thought was given to determining the optimum steering function by hand
computations; however, it was soon realized that the enormous number of
sample computations required would make such a procedure virtually
impossible.

Consequently, early in 1946, an analog device called the Computer-

6. Proj NIKE Status Rept, BTL, 15 Jan L[, Sec L.l - Radar (ARGMA Tech
Lib, R-12081).
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Analyzer was built specifically to analyze the end game. This apparatus
solved the guidance equations in two dimensions so that lateral miss
could be studied under wide variations in the steering order equations,
the noise level, the smoothing and stability parameters, and the magni-
tude, nature, and timing of target evasion. Over 7,000 runs, comprising
nearly 700 distinct situations, were made and analyzed. From these runs
emerged optimum smoothing, prediction, and order-shaping techniques, in
addition to a large body of knowledge concerning the effects of various
kinds of target maneuvers. The circuits of the R&D computer were based
on this analysis.

By the end of 1946, the computer design had advanced to a block
diagram stage from which the detail design could be made. The computer
philosophy adopted was quite different from that conceived in the origi-
nal AAGM Report, but most of the basic plans were retained in modified
form. To simplify the prediction process, the coordinate system of the
computer was changed from the polar radar form to Cartesian earthbound
axes, oriented according to the pre-launch axis bearing of the missile
gyro. This presentation was more adapted to overcome the parallax
problems inherent to the two separate antenna stations for missile and
target radars, and the considerable separation required by the radar
and launching sites. It also afforded greater flexibility in choosing
the most advantageous trajectory shape, as well as easing the reso-
lution of steering orders into their pitch and yaw components. These
changes also necessitated the introduction of a new method of
trajectory shaping to approach the most efficient flight path.

Detail design studies were started on the subjects of steering
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order computer, pre-launch computer, burst computer, sequence of oper-

"ation, component accuracies, voltage regulation, standardized feedback

amplifiers, radar-to-computer date transmission system, and visual
means for displaying the attack.7

NIKE-46 Missile

At the beginning of the 1946 development period, & decision had
been made to proceed with the manufacture of fourteen experimental
missiles for flight test at WSFG in the fall of the same year. The
first four of these were to be ballasted wooden dummies simuiating a
missile in shape and inherent dynamic properties only. 1In addition to
furnishing much needed drag 1nfo¥mation, they were destined to prove
booster propulsion and separation or to show what unexpected problems
might arise. The other ten were to be real missiles in the sense that
they would be equipped with a self-sustaining power plant., No attempt
vas yet to be made at roll stabilization. Neither would these missiles
be controlled in pitch or yaw; their fins were to be fixed. Thé pur-
pose of the latter ten rounds wes to study power: plent operation and
flight stability under powver.

Wind-tunnel tests of the 7.5 per cent model of the NIKE missile
were continued at APG to cover an intermediate speed (Mach number 1.28),
in eddition to the higher one (Mach mumber 1,72) previously explored.
These experiments were supplemented by subsonic tests on other scaled

models in the ten-foot wind tunnel at the California Institute of

7. R. B. Blackman and S. Darlington: "The NIKE Computer," Rept MM-L[-110-
27, Part I, 7 Jan 47 (ARGMA Tech Lib File R-14951); and Proj NIKE
Status Rept, BTL, 15 Jan 47, Sec 4.3 - Computer (Tech ILib, R-12081).




Technology. Lift, drag, and stability, as well as alleron and control-
fin hinge moments, were determined and found to be generally satis-
factory.
The design of the first test missile was frozen by the middle of
February, 1946. This design (see
*ﬂ Figure 3) embodied a cruciform
; | delta wing canard configuration,

the details of which have already

been discussed. Though basic
requirements of the concept8 were
maintained during the engineering
and fabrication of the 1946
missile, certain revisions were
made in the light of actual de-
sign development and in the

adaption of the missile to its

H e R— - = uncontrolled test program func-
Figure 3. NIKE-46 Missile & Booster
in 4-Rail Launcher (12 Nov 46, wspg) tioms.

Booster Assembly. Among the principal changes was the use of

four parallel Aerojet solid fuel (Paraplex) rockets with uncanted
nozzles, designed to deliver a thrust of 22,000 pounds each for two
seconds and impel the 1946 type of test missile to supersonic velocity.
The early designs—based on the grouping of eight T10E1l 11,000-pound

thrust rocket units—were discarded at the end of March 1946, when the

30

8. See Basic Design Concept & Specifications, pp. 17-18.




31

development of the larger Aerojet units had sufficlently progressed for
incorporation in the 1946 program. Development of the 22,000-pound-
‘thrust booster rocket for the NIKE-46 was initiated at the Aerojet Engi-
neering Corporation in April 1946, under a subcontract from DAC.

Aerojet was to furnish 56 boosters, to be assembled in clusters of four
each by DAC. Preliminary development of the booster assembly was com-
pleted in July 1946 and static proof firings were started in the

following month. Out of a total of 68 full-scale firings, eight failures

were experienced, two of which occurred at WSPG. One additional failure

occurred near the end of boost in a WSPG launching, when the nozzle of
one unit was burned through. Although the test results indicated a need
for further improvement in reliability and reproducibility, booster
performance gave promise of ultimate fulfillment of the desired degree of
reproducibility.

The propellant finally éelected for the booster rocket consisted of
a single perforated grain Paraplex-base fuel and potassium perchlorate
oxidizer. The particular formulation of constituents used for this
application was designated as AK-6 propellant (formerly called fF-6),
having the following composition by weight: Potassium Perchlorate, 73%;
Paraplex P-10, 26.85%; and Tertiary-Butyl Hydrogen Peroxide, 0.15%. The
ignition element consisted of granular black blasting powder contained in

a plastic capsule, together with two ordinary electric blasting squibs

vhich served as initiators.?

9. A. L. Antonio, "Summary Report on the Development of the Booster
Rocket for the 1946 NIKE - Aerojet Model 2AS-22,000," Aerojet Rept
No. 248, 15 Aug 47 (ARGMA Tech Lib).
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Power Plant. The power plant for NIKE-46 missiles comprised a
bi-propellant, regeneratively cooled, liquid rocket motor. Developed
and manufactured by Aerojét as Model X21AL-2600, the 4O-pound motor was

designed to produce a sea level thrust of 2,600 pounds for 21 seconds.

A fuel mixture containing about 65% aniline and 35% furfuryl alcohol

vas oxidized by red fuming nitric acid. The liquid load consisted of

220 pounds of oxidizer and 80 pounds of fuel. The propellant tanks were

constructed as integral structural parts of the missile fuselage.
Development of the rocket engine for the 1946 NIKE was initiated at

Aerojet late in 1945, under a subcontract from DAC. Aerojet was to

‘furnish rocket motors, control valves, and pressure regﬁlators (for

pressure feed system) for ten missiles. Other components of the power
plant, including tanks, lines, and starting valve, were designed and
fabricated by DAC. The development tests were completed by the end of
April 1946,

The design of the prototype assemblies was predicated on the final
version of the respective experimental assemblies. The prototype motor
and control valve were successfully fire-tested on the thrust stand
during May. Final proof fire tests were made in a mockup of the actual
NIKE installation, using the field firing sequence. Test results wvere
equal to specification requirements and the design was declared adequate.
The complete power plant was then subjected to a full-scale static test
at WSFG. Acceptance tests on the tenth motor were completed in

September 1946.1°0

10. R. Tripp and R. B. Young: "Summary Report on the Development of the
Rocket Engine for the 1946 NIKE - Aerojet Model X21AL-2600," Aerojet
Rept No. 247, 9 Jul 47 (ARGMA Tech Lib).
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Structural Arrangements. In the structural arrangements, the delta

shape was selected for both the control fins and main fins to improve
the lift-to-drag ratio, and the control fins were moved farther forward
along the missile body than was suggested in the basic plan. The design
studies revealed that considerable advantage could be gained in the use
of two spherical tanks for the high-pressure gas storage, mounted be-
tween separate tanks for the oxidizer and the fuel. With this arrange-
ment, the space around the spheres could be used for improved wing-
attach structure and power plant components, and the aft section could
be removed as a unit for easy access to the motor installation. The
wing structure was designed, in conjunction with the booster assembly,
to reduce the moment arm of the applied thrust of individual booster
cylinders.

After allocations had been made for missile components, the length
of the missile was increased from the proposed 19 feet to 19% feet in
order to provide additional warhead space. The proposed warhead was
first divided into two units, one to be loéated in the nose section and
the other in the aft section. On the basis of fragmentation tests, it
vas later decided to divide the warhea@s into three sections——one located
in the nose section, another in the middle section forward of the oxidizer
tank, and the third in the afterbody of the vehicle forward of the motor
installation. Space intended for the warheads, control mechanisms, and
radio equipment of the final missile was used for instrumentation and

beacon radio installations in the NIKE-%.ll

1l. Fred D. Eving: "Design and Development of the 1946 NIKE," DAC Rept
No. SM-13041, 27 Jun 47, p. 5 (ARGMA Tech Lib).
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Instrumentation

A1l experimental missiles were instrumented in an effort to gain
as much quantitative performance information as feasible from each and
every flight. The R&D design philosophy was governed by a decision
that missiles were never to be fired as mere test vehicles but as
steps in the evolution of the eventual weapon. Consequently, instru-
mentation had to be accommodated where space could be found. During
the early stages of the test program when no control equipment or war-
heads were carried in the missile, there was sufficient room for internsal
instrumentation. However, as‘Aevelopment progressed and more control
mechanisms were carried in test flights, less space remained for
instrumentation. In the final version, which included warheads, no
internal space was left and external instrumentation had to suffice.

The original program called for simple missile-borne instrumentation
to record linear accelerations and rolling motion in flight of the powered
test missiles. Telemetry was expected to emerge eventually as the
ultimate solution for future missile-flight test-recording work; however,
none of the missile telemetry development programs then being pursued had
progressed far enough to produce a reliable apparatus that would fit into
the NIKE test rounds at the time the NIKE-U6 program was crystallized.
Therefore, a conventional photographic system of recording instruments
was used in the hope that a legible film might be recovered from the
impact wreckage. No recording instruments were carried by the three dummy
rounds. Each powered missile was equipped with a radar beacon to serve

as a tracking a.id.l2

12. 1bid., pp. O and 35.
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Launcher Equipment

The basic launcher arrangement, as taken from the AAGM Report,
consisted of four vertical guide rails spaced at 90° about the missile,
but passing within the booster structure. As the booster cylinders—
originally eight T1OEl units—were supported outside the guide rails,
the members had to be cantilevered from a rigid base. In later design
development of the booster, when the T1OEl rockets were replaced by four
Aerojet 22,000-pound thrust motors, further restrictions were placed on
the size and location of the guide rails which could be accommodated
within the booster structure. The length and cross-section of the rails
were determined by calculating the cantilever length feasible for the
moment of inertia of the members and consideration of the booster velocity
and stability which would be obtained in the launcher at teke-off.

The design of the mechanism for raising and lowering the rails was
dictated by the availability of component equipment. This problem
eliminated hydraulic mechanisms, and to a large degree restricted the
kind of electric actuators which would be considered. A one horsepower
electric motor was selected to drive a cable drum through a worm gear
reducer.

The first such mechanical launcher, from which the 1946 series of
test missiles were to be launched at WSPFG, was built 1n the form of an
assembly of four parallel steel rails of hollow rectangular cross-section
welded to a pivoted root frame on which it could be tilted to a hori-
zontal position for loading and raised for (nearly) vertical launching.
(Note launcher assembly in Figure 3.) During the launching operation,

the missile would slide upward between the rails, guided by pins, while
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the boosters rode outside the rail quadrant spaces. Although the
launcher proved adequate, it was subject to appreciable vibrations which
were difficult to measure. The vibration problem was later eliminated
in several steps of redesign of the launcher, all aimed at making it
sturdier and simpler.13

Missile Designations

For record purposes, the missiles were identified b& a double set of
labels; viz., a "Round Number" and a "Migsile Number." The Round Number
was a chronological firing test serisl number, the dummies being identi-
fied by alphabetical letters beginning with Round A and powered flight
launchings by numerals beginning with Round 1. The Missile Number, which
served as a factory identification number, consisted of two symbols
separated by a hyphen, the first part denoting the desigﬁ year or model
number and the second part (after the hyphen) denoting a chronological
panufacturing serial number. Dummy missiles were serially designated by
letters placed after the model number prefix—e.g., NIKE-46-A-—while pow-
ered missiles were distinguished by numerals, beginning with Missile No.
NIKE 46-1.%%

First Experimental Firings

In the fall of 1946, test facilities at WSFG were readied for the
first experimental series of NIKE firings. Fourteen missiles had been
manufactured and delivered, four of which were inert (wooden) dummies and
ken were powered but uncontrolled missiles. The dummy missiles were con-

structed by mounting production-type main and control fins to solid

13. Ibid., pp. 14 and 83.f.
14, For later production models, a different numbering system was used;
e.g., Model 1249 represented the first tactical version, NIKE I.
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fuselages made of laminated mahogany. All test missiles were ballasted
with lead to bring the gross weight to 1,000 pounds, as originally
specified for the final weapon. The expendable portion of this weight
amounted to 312 pounds—220 1lbs. oxidizer, 80 1lbs. fuel, and 12 1lbs.
air. The basic design characteristics of the NIKE-46 missile and its
components have already been discussed.

Before conducting the first flight test, one missile (No. 46-1)
was static-fired to prove power plant operation, to test the servicing
and firing equipment, to determine the effect of motor operation én
performance of the radar beacon and missile instrumentation equipment,
and to familiarize the field personnel with the techniques involved.
After the static test firing on 17 September 1946, Missile 46-1 was
returned to the DAC Santa Monica Plant, where it was inspected and
overhauled. It was then sent back to WSFG and flight fired as Round 4
of the test series.

Flight firings of the NIKE-46 missile began at WSFG on 24 September
1946 and continued through 28 January 1947, Of the fourteen missiles
provided for the 1946 test program, three wooden durmies and eight pow-
ered but uncontrolled missiles were actually expended during this series
of firings. A ninth round (Missile No. U6-U4) was recovered intact,
' though demaged, after a booster misfire. (One dummy and one actual
missile—U6-D and 46-10—were not fired in this series but were re-
served for future test purposes.)15 A brief account of the first twelve

flight firings 1s given in Table 1 of Appendix 5.

15. Fred D. Ewing: "Report on the Field Test Program of the 1946 NIKE,"
DAC Rept No. SM-13048, 8 Jul 47, pp. 1-6 (ARGMA Tech Lib).
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The first three unpowered
(dummy) tests were entirely
successful. The boosters de-
tached themselves at altitudes
of about 2,000 feet and the
missiles coasted to altitudes
of 30,600, 43,300, and 42,150
feet, respectively. These un-
povered tests convincingly
demonstrated the feasibility
of vertical take-off under boost

thrust, acceleration to a

Figure 4. NIKE 46-1 in Flight supersonic velocity of about
(18 Oct 46, Wsra)
1,900 feet per second, and
stable flight before and after booster separation.

The first unguided powered missile tests followed in rapid sue-
cession. They were spectacular and full of dramatic surprises. The
very first one, fired on 8 October 1946, made a completely successful
flight, reaching an estimated peak altitude of 140,000 feet. The
second round traveled 17 miles and the eighth over 25 miles, demon-
strating not only more than the predicted range capability, but also
the need for safety destruction in case of a runaway.l6 Both the

second and eighth rounds reached a peak altitude of over 100,000 feet.

However, the other rounds were unsuccessful because of poor

16. See Oth round test results, Teble 1, App. 5.
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booster separation and motor troubles. The third round, which reached

a peak altitude of only 58,900 feet, exhibited intermittent motor

operation and poor separation of the missile-booster combination. The
separation problem repeated itself in the fourth and fifth rounds; the
sixth and seventh rounds were wrecked by booster explosions during
launch; and the ninth round was a’booéter misfire.

Fallure of motor operation in Round & and complete loss of the
motor after separation in Round 5, together with other evidence of
structural damage, led to the cbnclusion that some violent lurch was
caused and damage was inflicted by the booster upon the missile aft sec-
tion during separation. This trouble was presumably due to some irregu-
larity of thrust or premature burn-out of one-or more éf tﬂé four rocket
boosters. To remedy thismprobiem, guide rails were installed befween
the missile and the booster, and the booster no;zles were canted so that
the line of thrust of each booster would pass through'the’center of
gravity of the missile. Some thought was given to changing the entire
booster concept; however, it was decided to continue with the four-
booster units, at least for the time being, so that other parts of the
program could advance on schedule.

Information obtained from missile tracking radars was very meager
since the tracking beacon was silenced in every instance by violent
events during or at the end of boost, frustrating the planned tracking
tests. The troubles encountered in the first few rounds were diagnosed
with reasonable certainty and corrected; however, in most of the latter
rounds the beacon was damaged along with other items in the rear of the

missile. The fact that the beacon failed during boost rather than at
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separation indicated the existence of more problems than those attributed
to poor separation.

The discovery, analysis, and clarification of problems encountered
during these experimental firings came as a result of elaborate in-
strumentation. Arrangements had been made with WSFG to obtain maximum
coverage of the missile trajectory from the network of cinetheodolite
stations then availeble. This was still in a somewhat rudimentary stage

in 1946; time correlation of stations was precarious and indirect, frame

sequence was four exposures per second at best, and evaluation was un-

mechanized and painfully slow. Thus, the accuracy of position data

' obtained was hardly sufficient to determine acceleration to a signifi-

cant precision,

It was therefore fortunate that provision had been made to equip
the missile with airborne instruﬁents. In the early period, before the
advent of reliable radio telemetry, this was done by means of a flight
recorder which consisted of two missile-borne motion picture cameras
photographing two sets of instruments in flight. These instruments were
axlal and transverse accelerometers, a fuel regulator pressure gauge,
several aerodynamic pressure gauges, and a heliograph. The latter was a
specially developed optical device which, with the aid of four extreme
wide-angle lenses, produced a plictorial record of the relative position
of the sun and the horizon. From these records, the history of the
attitude and orientation of the migsile in space could be reconstructed
by a somewhat laborious evaluation technique. But first the impact of
the missile on the ground had to be located by a search team and the

armored film cases had to be recovered from the wreckage. It was often
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necessary to dig a considerable depth before retrieving the film records.
To improve the changes of film records surviving the impact, film maga-
zines were protected by means of armored cases and shock-absorbing
packing, and the velocity of impact was reduced by blasting the main fins
during descent.

The photographic records disclosed a number of significant episodes.
One was the occurrence of a prolonged stable corkscrew motion of Round 2
on its spectacular 17-mile flight. A somewhat similar motion was ob-
served on Round 3 which was also troubled by malfunction of the pressure
regulator in the fuel feed system, and a chemical fuel fire started in
flight which eventually set off the fin destructor, causing the missile to
tumble during its subsequent descent. Improvised booster-borne cameras
gave pictorial evidence of kinematic separation difficulties.l7

Propulsion and Aerodynamic Test Program
(January 1947 to December 1947)

In November 1946, while the field test program was still in progress
and before the seriousness of the booster difficulties was fully realized,
a planning conference was held at WSPG to map out a tentative but opti-
mistic missile test program for the next two years. This program was
designed to lead in a systematic sequence of stages to the development of
a practical missile which could be flown under command of radar and
computer as soon as the latter equipment became available. Thus the
system guidance loop would be demonstrated in action. The development

test program envisioned the successive construction of a family of missiles

I7. DAC Rept SM-13048, op cit., pp. 7 f; and "Project NIKE Progress
Reports for October and November 1946," BTL, 1 Dec 46 (ARGMA Tech
Lib R-12058).
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controllsble to a gradually increasing degree. In case of troubles or

malfunctions, it was decided that the firing program would be interrupted

or expanded and recognized errors rectified before proceeding.

Radsr Development

In 1947 radar development effort was directed toward the determi-
nation of the best antenna configuration and antenna axes orientation.
After investigating various alternatives, the requirement of tracking the
target through the zenith was eliminated. This region was not considered
sufficiently important to justify the additional complexity in a guided
missile system in which the intercepts usually occur on the incoming
course. Considerable development and experimental work was also devoted
to radar gain control. Since the speed of response of the gain control
circuits in a monopulse was no longer limited by the lobing rate, the
initial work was directed toward proving an instantaneous gain control
circuit in which the gain would be properly set for the level of such
return pulse. Such a circuit was tried saccessfully but was later re-
placed by a simpler wide-band integrating type of automatic gain control.

During the fall of 1947, the improvised experimental monopulse radar
set was equipped with a 6-foot X-band lens and put through extensive three-
coordinate operation, tracking various aerial targets at Whippany, New
Jersey. Accuracies considerably better than one angular mil were con-
sistently attained for short periods and one decimil deemed within reach.
While much work was destined to be done before achlieving consistent high
accuracy, the superiority of this type radar over any previously available
system was already convincingly demonstrated.

While the above tracking tests were in progress, basic advances were
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made in the improvement of rapid-fading plumbing for the monopulse radar
then under development for the field test program at WSFG. Comparison
studies were conducted on hybrid rings and tees to determine the ad-
vantages of each, particularly in regard to wide-band operation. Hybrid
rings in tandem proved to be the better and were adopted for the final
R&D monopulse plumbing. At the same time, studies were made to find the
best method of fabricating the plumbing to meet the close mechanical
tolerances required.18

The NIKE-47 test missiles were beacon-tracked at WSPG with an SCR-
584 radar modified for operation in the X-band. Radar tracking in these
tests was generally good. Acquisition of missile in the launcher and
automatic tracking of missile during boost and separation were accom-
plished and verified as a solution to the missile acquisition problem.
However, the microphonic response of the beacon to boost shock was
troublesome. A greater signal output was considered necessary to improve
the signal-to-noise ratio, and better antenna pattern in the missile tail
aspect appeared desirsble.1l9

The 1947 missiles were also equipped with improvised "fail-safe"
circuits to enable detonation of the missile in the event of loss of
contact between the ground radar and the missile-borne bea.con.20
Computer

Studies of the various computer sections and their detail design

vere continued. The problem of radaf-to-computer data transmission

18. "Project NIKE Status Report," BTL, 15 Mar 48, pp. 16 ff. (ARGMA
Tech Lib).

19. L. H. Kellogg: "1947 NIKE Missile Trials - Beacon Radar Performance’;
19 Dec 47 (ARGMA Tech Lib).

20. H. Morrison: "No-Signal Relay for the NIKE Missile," 30 Jul 47
(ARGMA Tech Lib).
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received particular attention due to the great accuracy required of the
voltages representing the missile and target positions in space. Two
bossible methods were under consideration: (1) the construction of ex-
ceptionally accurate potentiometers to be directly driven‘by the radar
shafts, as in gun fire director systems; or (2) a two-speed synchro data
transmission system driving two-speed potentiometers in the computer.

The original AAGM assumptions on the aerodynamic capabilities of the
missile proved to be unnecessarily conservative. Investigation revealed
that the time of flight could be shortened and computer computations
simplified by adopting a flight path which—though departing from the
optimm in range—would follow a single dive order sustained until the
missile had turned from vertical flight onto a ballistic trajectory
through the predicted poiqt of intercept. This control scheme was even-
tually sdopted for the NIKE R&D Test System. |

The original scheme of stabllizing the missile in roll was replaced
by a more flexible scheme which was actually easler to m;chanize but
conceptionally more involved. In place of keeping the "belly" fins
frecisely vertical, it holds the plane of the "transverse" £ins normal
to the vertical orientation plane in which the free gyro 1s released at
take-off, 2t

NIKE-47 Missile

Because the NIKE-4T was designed to serve generally the same func-
tions in tests of launching and unmaneuvering vertical flight as the NIKE-
146, the basic configuration of the 1946 missile was retained. vHowever, in

light of the previous year's test results, several modifications were made

21, Status Rept, 15 Mar 1B, op,cit., pp. 22 ff.
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to incorporate newly-designed equipment.

The missile boat-tail section was redesigned and strengthened, with
corresponding booster structural changes, for improved application of
boost thrust and smoother separation of the booster from the missile.
Improved rigidity of the booster assembly was effected by an overall
strengthening of components, together with structural additions to give
improved guidance of booster along launcher rails, to place the boost
thrust against the missile base, and to prevent side movement of the
booster relative to the missile during separation. Pointed caps which
had previously served to streamline the booster mofors and apply the
thrust to the trailing edge of the missile rear fins, were deleted. The
after-body of the NIKE-U47 was designed to rest snugly in a cylindrical
sleeve mounted within the booster structure. This arrangement afforded
positive contact between the booster and missile during seperation, thus
preventing the booster from developing an angle of attack or sideward
velocity before the boat-tail was sufficiently clear of the booster
structure, as had been experienced in some of the 1946 tests.

A number of changes were also made in the internal design and per-
formance characteristics of the multiple rocket booster to correct the
separation problems arising from uneven or unequal thrust forces during
the boost phase. The single Aeroplex K-6 propellant grain used in the
NIKE-46 booster was replaced with two grains of Aeroplex K-14, which
burns at a slower rate and with consequent lower chamber pressures. The
thrust was reduced from a nominal 22,000 pounds to 18,000 pounds per
motor, but the duration of burning was extended from about 2 to 2.5

seconds. Changes were made to give more positive support to the




propellant grain, and measures were taken in the field to keep the
propellant grains at fairly even temperatures during a conditioning
period prior to the firing. A new igniter was also developed.

The power plant system for the NIKE-47 was rebuilt around an im-
proved design of the Aerojet Model 21-Al-2600 acid-aniline motor. This
motor was ten pounds lighter than that of the NIKE-46, but it possessed
essentially the same capabilities, delivering 2600 pounds (sea level)
thrust for about 21 seconds. In the new power plant system, a single-
unit inertia-actuated starter valve-propellants feed regulator replaced
the two previous separate components. Burst diaphragms in the propellant
tank air inlet lines not only prevented premature mixing of the fuel and
oxidizer, but also the premature entry of propellants into the motor. 22

NIKE-47 Test Program

Five dummies (without motors) and four powered missiles were fired
in the NIKE-47 series. These tests were conducted as a continuation of
the tests begun in 1946 to study launching techniques, and to obtain
additional aerodynemic and performance data on the missile in free flight.

The NIKE-47 firings were conducted in the following order:

Date Round No. Missile No.
9-22-47 D LT-E
9-26-47 E 47-F

10- T-U47 F 47-G
10-16-47 G 47-H
10-23-47 : k-1
10-28-47 10 47-12
10-30-47 11 k7-13
12- 9-k47 12 47-15
12- 9-U47 13 47-16

The five dummy missiles (Rounds D through H) were made of hollow

22. 1Ibid., pp. 1 T and 8.
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steel bodies with standard missile aft sections and fixed fins. Satis-
factory flights were obtained in all dummy rounds, their peak altitudes
ranging from 29,300 to 34,000 feet. The boosters for these rounds were
equipped with nozzles outwardly canted (four at 15° and one at 172°%) to
minimize any turning moment about the center of gravity due to uneven
thrust cessation among the four independently burning rockets. Clean
separation was indeed achieved., Telemetering transmitters carried on the
boosters gave good, informative records of booster burning pressures.
With the various improvements in powder grain support and in nozzle manu-
facturing, it seemed that the quadruple boosters now gave an acceptable
performance and separation. However, the deviation from the predicted
climb path was excessive. Precise inspection and measurements of the
canted nozzles disclosed dimensional variations which gave rise to
unpredictable burning behavior and fusion, and hence thrust eccentri-
cities, the elimination of which would have required the development of
nev manufacturing processes. To obviate this difficulty, it was decided
to return to straight nozzles for the four powered missile launchings.
Following the dummy tests, four powered but uncontrolled missiles
were fired, all of them with the new Aerojet power plant already
described. With one exception, they gave evidence of satisfactory boost
and separation. 1In one round the separation method performed admirably
under extremely adverse conditions. Two of the four rounds attained peak
altitudes of about 120,000 and 115,b00 feet in smooth trajectoiies; the
other two rounds were frustrated by premature detonation. Analysis of
the aerodynamic data obtained in the tests showed that the drag was very

qlose to the originally estimated values or much higher than the 1946




vaelues. This effect was to be fUrtherlinvestigated in the 1948

f1ights,23

Launcher and Accessory Devices

Several improvements were made on the launcher. Its four 20-foot
rectangular cantilever rails were replaced by heavy walled steel tubing
vwhich was easier to repair or replace in case of accidental damage. Guid-
ing action during launch was now applied entirely to the booster structure
rather than partly to the missile body. A second launcher was built
portable so that it could be disassembled for transportation and set up
on any flat surface in the field for firing. Erection was accomplished

by means of a hydraulic strut instead of the electric winch of the earlier

models. Eventually the launcher rails were shortened by three feet so

that the effective guide length was reduced from fifteen and one-half
feet to twelve and one-~half feet, which was considered to be the best
compromise between guidance and accessibility.

A number of accessory deviges were developed which greatly facili-
tated the assembly, checkout, and handling and servicing of the missiles
at the Proving Ground and enabled the crews to carry on a continuous work
schedule.eh |

Single-Plane Steering Test Program
(January 1948 to May 19L9)

The general component function program of the four phases (viz.,

Fhase 1, Roll Control; Phase 2, Steering Control; Phase 3, Step Control;

" and Phase 4, Complex Control), which had been outlined in a previous

planning conference, was worked out in much greater detail during the

23. Ibid., pp. 9 and 35,
2k, Tvid., p. 13 ff.




Preparation for Launching Round 12, NIKE Missile 47-15

Figure 5.

Morning of 9 December 1947, WSPG)
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" next planning conference held in October 1947. Even though some problems

of boost dispersion and power plent operation had not been fully solved,
it was decided to begin these tests in the summer of 1948, Meanvhile,
plans vere made to devote additional specimens of the 1947 model to a
determined attack on the unsolved problems and to conclude their tests
and evaluation in time to catch up with the control function tests, even
if they should overlap. Such an overlap did occur and ran into the
months of July, August and September 1948,

Radar Development

Apart from the missile performance test program, the design of the
missile-tracking radar progressed and took definite shape in 1948. Prin-
cipal effort was directed toward the design and construction of the
monopulse angle tracking radar model for the missile tracking and ground
steering phase scheduled to start at WSPG in mid-1949. For the NIKE
systems field test phase, the duplex mount arrangement of the original
plan—two antennas separated by 12 feet on a common rotating platform—
was abandoned in favor of two identical radar mounts placed 50 to 100
feet apart. By December 1948, the components of this radar were well
along in manufacture and the set was scheduled for systems test early in
1949.-

Considerable effort was also devoted to the design of components for
the radar, especially the rapid-fading plumbing and associated receiver
circuitry. After extensive laboratory experimentation, a satisfactory
automatic gain control circuit was developed. The various wave guide
plumbing parts were made by an electroplating process that produced very

emooth" internal wave guide surfaces within the alloweble tolerance
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requirements. (This radar was destined to transmit steering orders from
a clock-governed programmer to the missiles during FPhase y tests in 1950
and remain at WSPG well beyond the R&D System Tests in 1951 and 1952;)

In the meantime, the aircraft tracking data collected at Whippany
during 1947 and 1948 on the modified SCR-545 monopulse system were being
analyzed for the influence of range and glint on tracking smoothness and
accuracy.2?

Computer Development

The actual construction of many of the computer components was
started in 1948 after accuracy‘studies had established the equipment re-
quirements. It was determined that error sources would not lead to
significant degradation of the NIKE'Bystem performance, that they were
not serious, and were significant only in a few places in the computer.

The design of components and major assemblies had progressed to the
point where the overall computer assembly arrangement was established and
the design of computer housing started. A decislion had been made to
employ the synchro data transmission alternative betwéen radars and com-
puter, and design work on this equipment had reached a stage correspond-
ing to other computer sections.

Another decision mede at this time concerned the use of plotting
boards rather than oscillographs to display the course of the engagement.
Plotting boards present the picture at a considerably enlarged scale and

give a permanent recording of the pre-launch predicted intercept point

. and the missile and target trajectories.

25. 1bid., p. 16 ff; and "Project NIKE Status Report,” BiL, 15 Dec L5,
p. 29 ff. (ARGMA Tech Lib, R-12083).
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Booster Development

Because of the uneven burning troubles experienced with the Aerojet
cluster-type booster, a new and radical approach was tried in 1948;
namely, that of a powerful single-rocket booster which had been perfected
by the Allegany Ballistics Laboratory. This booster was designed for the
JPLPJHU26 Bumblebee rem-jet to meet performance criteria similar to that
established for the NIKE. Its double-base solid propellant of OV com-
position, prepared by the solvent method and cast with internal combustion
surfaces, burned with nearly smokeless exhaust, while the Aerojet Paraplex
rockets produced a dense smoke. The single-rocket motor alone was about
120 inches in overall length and 17 inches in diameter. Its average
thrust over a burning time of 2.6 seconds was rated at 51,100 pounds,
with a total impulse of 140,000 pound seconds. The propellant had a
specific impulse of 187 pound seconds per pound.

In March 1948, designs were completed and fabrication was started to
adapt the Allegany rocket as a single-unit booster for the NIKE. Natu-
rally, the single booster had to Be installed aft of, and in line with;
the missile itself. This resulted in a rather longvmissile-booster
combination, mainly because a space had to be provided between the
booster and missile to avoid obstruction of the missile motor exha.us*l:.z7
The connecting structure was dbuilt in the form of a sleeve and ring
attached to the front end of the booster can by means of struts or legs,

leaving ample vent area for the motor flame. A conical steel cap with a

56. Jet Propulsion leboratory-johns Hopkins University.

27. Until such time as a reliable means of starting motor at separation
could be developed, it was necessary to start the missile motor
during first half-second after launching.
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graphite tip was attached over the booster chamber end to protect it
from the heat and erosion of the motor flame. Because of differences
in the center of gravity and the center of pressure in these missiles,
a set of booster fins was designed to give positive subsonic and super-
sonic stability to the combination during launching. Each booster was
to have four fins of modified diamond configuration mounted near the aft
end of the cham'ber.28

During field tests conducted later in the year, a comparative study
was made of the two booster designs under consideration-—one comprised
of a single Allegany JATO T39 2.6DS-51,000 solid propellant rocket29 and
the other of four Aerojet JATO 2.5KS-18,000C-2 rockets.3C The perfor-
mance characteristics of the two boosters were essentially the same; but
from the standpoint of cost, as;eMbly, and handling, as well as the
possible tactical advantage of being smokeless, the single thrust-unit
booster possessed definite advantages. Consequently, it was decided that
the Allegany rocket would be adopted for future NIKE field tests. No
further development of Aerojet cluster boosters was scheduled, but they
continued to be fired until the étock wa.s depleted.3l

Launcher Development

To accommodate the long single booster, a new single-rail launcher
was built. Its design was based on a refined pattern of the preceding
Launcher No. 2 (portable, four-rgil),.in that an erectable rail assembly

was supported on a flat tripodal base and the entire structure could be

28. NIKE Status Rept, 15 Mar B, op. cit., p. 11 f.

29. Formerly designated as Model 3HC-47,000.

30. \ Formerly designated as Model 2.5AS-18,000C-2.

31. C. C. Martin: "Booster Performance,” Rept MIM-44, 16 Aug 48; and
Status Rept, 15 Dec 48, op. cit., p. 1T.

~
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easily disassembled into manageable sections. This new monorail
launcher, designated as No. 3, is
shown in Figure 7. It weighed only
about 5,000 pounds, in contrast to
12,000 pounds for the portable four-
rail launcher. It had a loading
height of 5 feet, an erected height
of 18 feet, and an overall height
of 35 feet when loaded with the
missile and booster.

In the nine test rounds fired
later in the year with the Allegany
Figure 7. Launcher No, 3— booster, the single-rail launcher

Single-Rail (WSFG Phote)
was highly satisfactory, particu-
larly in regard to the simple and rapid loading methods it afforded
and accessibility for pre-firing servicing of the missile and booster.
These factors had a significant bearing on the decision to change to
the single booster for NIKE.

Based on the success of the new single-rail launcher, preliminary
drawings were completed for a light-weight mobile launcher, incorpo-
rating the running gear of an M-2 4Omm antiaircraft gun carriage.
Possessing all major characteristics of Launcher No, 3, the new
version was to be completely mobile and weigh about 3,000 pounds.32

1948 Field Test Program

During the summer and fall of 1948, 26 full-scale NIKE firings

32. Status Rept, 15 Dec 48, op. cit., p. 22 f.
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Figure 9. Loading Single Booster into Launcher No. 3 (WSFG, 19L3)
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were conducted at WSPG. These were divided into three test series—Uu8-0,
48-1, and 4B8-2—each based on a separate design of the NIKE for the
phase development plan of the project. From these designs emerged NIKE
Models 484 and 490, which were to constitute the final missile con-
figu;ation.

Three NIKE missiles (Rounds 31, 32, and 33) not expended in the 1948
program veré returned to DAC for modification of the ram pressure system
and control system. These were reserved for use in the first part of
the 1949 field tests.

NIKE 48-0 Test Series

In a group designated as the NIKE 48-0 series, four Model NIKE-47
live (powered) missiles and one dummy, which had not been expended the
previous year, were modified and fired in free-flight tests with the new
Allegany single thrust-rocket booster. The primary objectives veré to
test the new launcher and booster, to obtain aerodynamic data on the
booster-missile, and to continue to free-flight performance study. (See
Table No. 2 of Appendix 5.)

:sihe single booster, equipped with four suitably large trapezoidal
fins, was first tested 6n dummy Round J, 17 June 1948. Although launch-
ing and early boost was satisfactory, this first flight was terminated by
booster fin failure prior to separation.

After modificgtions had been made to strengthen the booster fins,
three powered missiles (Rounds 14, 15, and 16) were fired in vertical
£1ight tests, and a fourth (Round 17) at a slant elevation of 40° north
from vertical. In three of these rounds the motor burning time was

shorter than expected. 1In the first test, a reduction in burning time
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Figure 10. Oxidizer Fill, Round 1k, Missile L7-17 (29 Jun U8, WSPG)
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of 2 or 3 seconds was apparently caused by incomplete filling of the
acid tank, but high lateral accelerations could have uncovered the fuel
tank outlet. In the third powered round, burnout occurred 5% seconds
early. Uncovering of the tank outlets appeared to be the only possible
explenation in this case. Burning iime was two seconds short in the
slant elevation firing, butvdue to the nature of the trajectory it was
expected that some propellant would be trapped in the tanks as the open-
ings became exposed. The firing at slant elevation presented no serious
problems of launching, boosting, or missile performance.

Telemetered data obtained from missile-borne Bendix equipment, added
for the 1948 tests, indicated lateral accelerations up to 4 to 6g during
motor burning, apparently as the result of asymmetric thrust. The flight
in which the motor had reached full burning time was detonated 1.9 seconds
after burnout because the horizontal velocity was in excess of range
safety limits. Because of the reduced thrust, the peak altitudes ana
times of flight were lower than prediéted, but analysis of data further
confirmed that the aerodynamic performance of the missile was satisfactory
and the estimates of most aerodynamic characteristics were fairly accurate.

An improved explosive charge—17 ounces of cast TNT and 3 ounces of
cast Tetryl——had been installed in the NIKE-4T7 powered missiles. As be-
fore, the charge could be detonated bf beacon command or by a fail-safe
system in the missile, In the four rounds fired, command detonation was
accomplished when called for and the missile detonation was effective.33

NIKE 48-1 Test Series

Most of the 1948 field program was devoted to tests of the NIKE 48-1

33. Status Rept, 15 Dec 43, op. cit., p. 2 f.
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series, consisting of four Model NIKE-47 dummies and 13 NIKE-48 live
rounds of the cluster booster-missile configuration. (See Table 3 of
Appendix 5.) Three of the dummies were fired in launching and free-
flight tests; one was allocated for a functional check of the detonator
system operation. The live missiles, of the same aerodynamic design as
the NIKE-47, were equipped with roll stabilization and steering controls,
operated in response to orders from a missile-borne programmer. The pro-
grammed control tests of these missiles were divided into two phases:
Phase I calling only for repeated roll stabilization from induced spins,
and Phase II for pitch maneuvers in yaw and roll stabilized flights.
Accordingly, the missiles were built to fulfill these test functions. For
Phase I, the forward control fin mechanisms were locked. The power plant
and general structural design of the NIKE-48 was very similar to the
NIKE-LT.

Of the 48-1 powered missile series, all but the first, which was
destroyed by a booster explosion,3h were successful as far as launch,
boost, and separation were concerned. In most of the 48-1 rounds, the
motor operation was also successful; however, there was continued evi-
dence of lateral accelerations produced during the burning phase,
apparently as a result of eccentric motor thrust. In one firing (Round
27), the motor produced thrust only for about 7 to 8 seconds. Test
records indicated that the fuel system burst diaphragm only partially
ruptured, causing an abnormally lean mixture and reduced cooling flow;

the motor chamber wall was burned through near the nozzle entrance.

34. Attributed to inadequate welding technique subsequently remedied.
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Other than this instance, there were no significant occasions of pre-
mature burnout.

The roll stabilization, however, gave considerable f;ouble. Its
nature was tedious to explore and could not have been readily understood
had it not been for a detailed and extensive analysis of the 28 channel
records of the telemetry. As noted sbove, the first NIKE 48-1 test
(Round 18) yielded no information because of a booster explosion. The
next three Phase I tests (Rounds 19 through 21) showed that the aero-
dynamic roll damping was smaller than had been predicted and that the
addition of artificial damping was required. This was acccmplishéd by
the installation of a roll-rate gyro by means of which ﬁ damping signal
wvas fed into the aileron control circuit, beginning with Round 22. At
ﬁigh angular rates its signal is sufficiently large to dominate the
situation and cause the ailerons to deflect in the direction to stop the
missile independent of the momentary roll position. When the roll rate
is reduced to a low value, the roll position gyro regains control and
brings the missile to the desired orientation.

The f£ifth missile roll stabilized when commanded, so the sixth was
fired as a Phase 2 steering control round. This missile (Round 23)
showed a violent steering instability with resulting oscillations. The
absence of any high frequencies formed a basis upon which to change the
circuits for another steering control round. However, before the next
steering round was fired, it was discovered that the only explanation for
several discrepancies in data from Round 22 was that the roll gyro brush
had been grounded. The stabilizations of Round 22 could be explained as

entirely fortuitous, as all of them had occurred under conditions where
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some of the previous missiles had roll stabiligzed.

Therefore, another Phase 1 (Round 24) was fired to gain further
information on the peffoma,nce of the roll control system with the rate-
gyro installed. The gyro operated satisfactorily in this test; but the
need for more roll damping was indicated. This was obtained by doubling
the rate-gyro voltage in Round 25, which was also a Phase 1 missile.
Greatly improved roll stabilization resulted, so the second Phase 2
missile was fired as Round 26.

Although considerably improved over the first Phase 2 missile, in-
stability was still present and an intensive investigation of the steering
circuitry was undertaken. To verify the aerodynamic and missile dynamic
data to be applied in this study, Round 27 was fired with a missile wired
for step fin-position commands, in contrast to standa;rd step acceler-
ations, and the resulting transients were to give the necessary infor-
mation. Round 27 was not adequate for this purpose, however, because of
motor and timer malfunctions. Round 28 was then successfully fired for
the same objectives.

On the basis of these data and other information obtained in the
study, the steering circuits were redesigned and Rounds 29 and 30 were
fired after the changes. These rounds conrifmed the general analysis and
final remedy was tested in Rounds 31, 32, and 33 during May 1949 (see
Teble 4 of Appendix 5). The remedy consisted of a refinement of the ram
pressure responsive attenuator in the servo circuit, not only in the roll
control system but henceforth also in the suitably changed sheping

network of the steering order cireuit.3%

35. Status Rept, 15 Dec 4B, op. cit., p. 2 £f.; and "Project NIKE Status
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NIKE 48-2 Test Series !

Another part of the 1948 NIKE missile program comprised the devel-
opment and test of the NIKE 48-2 missile, a revised aech design.
During the NIKE design studies early in 1948, tra.,jectofy computations
indicated that, to obtain optimum range, the effestive main fin area of
the missile should be reduced by one-third. This conelusion was applied
in the new fin design for the NIKE 48-2, and in a.ddition, the fin thick-
ness was reduced from 6% to 2b% to decrease wave drag. Revisions to
provide space for larger warheads were aleo made in the fuselage design,
including an increase in length from 235 to 255 inches, changing the
shape of the after-body from a boat-tail to a cylindrical shape, and
attachment of an external tunnel fairing along the body to house
electrical wiring and plumbing 1:1.11es.36 Four dummy missiles of this
configuration were fired in August and Septembei' 1948 (see Table 5,
Appendix 5).

During June and July, however, tests of a 7.5% scale model in the
ARG supersonic wind tunnel indicated that the NIKE h8-2_poases§ed unsat-
isfactory stability and roll characteristics. These tests resulted in
several major configuration changes, such as rei‘.uming to the original
fin area, decreaaing the distance between the control fins and main fins,
and installing four small tunnels instead of the single large tunnel,
This modified version, now knsﬁ as the NIKE 484, was assigned for

steering and roll tests to be conducted in 191&9.37

36. R. J. Arenz: "Estimated Aerodynamic Characteristics of an \Idea.l-

ized NIKE Type Missile," Report No. SM-13339, 16 Aug 48 (ARGMA
Tech Lib). S

37. Status Rept, 15 Dec 48, op. cit., pp. 1 and 9.
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Ancillary Activities

System Tester. At Whippany the design and construction of the

Analog System Tester had proceeded to the point where many of the com-
puter components had been thoroughly bench tested. The target simulator
part of the machine was essentially completed. 'When supplemented by
parts similating missile aerodynamics, it was pressed into service as a
missile trajectory computer which took over in a more versatile and
rapid manner the sort of tasks which had been preiiﬁinarily fulfilled by
the improvised trajectory plotter made in Santa Monica in 1947.

Planning Conferences. The sixth planning conference was held at

WSPFG in September 1948 during the Phase 1 and 2 overlap. The seventh
conference followed in March 1949 at Santa Mbniéa during the recess in
the firing program while changes were made in the missile which led to
the successful conclusion of Phase 2 in May 1949. In these conferences
the status of progress was reviewed and plans were mapped out for the

field program of Phases 3 and 4 scheduled for the winter of 1949-50, and

for a comprehensive 490 series of firings to be. scheduled for the second

half of 1950, realizing that various improvemen%s developed in the mean-
time would require proof testing. This would move the camplete NIKE
System Trials into 1951, which turned out to be the earliest year in
vhich radar, computer, targets, and accessories could be ready for them.38

Composite Steering Test Program
(June 1949 to April 1950)

During the latter half of 1949, progress continued on all aspects of

the project despite an austerity program which had been imposed on it.

38. "Project NIKE History of Develomment," BTL, 1 Apr 54, p. 33.
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No more missiles after the three in May could be flown in 1949, but six-
teen missiles of the 48L4 type were prepared for field firings which
actually took place between January and April 1950. They covered the
complex steering tests originally planned as Fhase 4, with such vari-
ations as were dictated by a hos£ of cross-coupling troubles which
cropped up. These problems were overcome by systematically tracking
down their origin from the elaborate telemetiry records. It was during
these test firings that predetermined pitch and yaw acceleration orders
were transmitted to the missile from the ground via radar-to-missile
communication circuit for the first time. The magnitude and timing of
these commands were set up prior to the flight on a versatile time-clock
progremmer in the radar.
Redar

The missile tracking portion of the NIKE Ground Radar System, having
been completed and thoroughly tested at Whippan&, was transported by alr
and truck to WSFG in November 1949. The complete radar system consisted
of an Antenna Trailer, a Radar Control Van, a modified M2 Optical Tracker,
and a 400-cycle Engine Generator. It was set up at radar station site C
and connected to an existing Western Electric T1LEl plotting board. Check
tests were begun in December 1949, tracking a specially assigned B-26
target airplane which was equipped with & beacon and a receiver. Simu-
lated guidance commands were successfully transmitted over the radar-to-
beacon channel and recorded eboard. For comparison, the same airplane was
also tracked by the two high-accuracy Eastman theodolites permanently
instelled at Dona Ana Camp and under the cognizance of the Army Field

Forces Board No. 4. Reflection tracking runs of the B-26 plane were also
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made to determine its performance as a radar target.

The monopulse radar successfully tracked all missiles from the
launcher, through boost and separation, and in many cases to impact.
Missiles fired into clouds or at night were tracked without difficulty,
demonstrating the all-weather relisbility of the guidance system. Sever-
al missiles were controlled manuslly toward a ground target location and
the cammnnicatién system functioned satisfactorily down to very small
angles of elevation.39
Computer

Having reached the stage of a frozén circuit design, the detail
design of the NIKE Computer and the construction of its components pro-
gressed rapidly. A considerable amount of equipment had already been
completed and was in the process of being tested as individual components.
Work was concentrated on the construction of modulator amplifiers,
demodulators, switching amplifiers, and on the testing and improvement of
components. Manufacture of the data receiver and the synchro-data-
transmission units, with their precision potentiometers and extensive
gearing, entered the final stage with every indiéation of meeting the
stringent accuracy requirements.

Effort was also directed toward the electrical design of associated
test equipment. Of primary concern here was the so-called "test bay"
containing sufficient facilities to check overall computer operation on

a test problem basis in the field. Additional portable equipment was

39. ‘WProject NIKE Status Report,“ BTL, 15 Febd 30, p. 19 £f; and "Project
glgg gt?tus Report," BTL; 15 Aug 50, p. 25 f£f. (ARGMA Tech Lib,
-12085).
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to be designed for general maintenance of the computer.ho

Migsile

An analysis of available flight test data indicated that steering
response and roll behavior should be adequate under all significant con-
ditions with the recently revised control circuits providing ample
demping. New IBM Fourier techniques were developed to compute the tran-
sient behavior of the missile in acceleration controlled test flights.
These calculations and the flight test success to date created sufficient
confidence for the planned Phase 3 series of tests to be skipped and the
limited number of test missiles better exploited. Good agreement of
flight test stability measurements with wind-tunnel observations was

secured. Despite the stability-maneuverability dilemma brought on by the

.'mon-linear moment characteristic in the transition from small to large

angle of attack, an acceptable compromise was sought and eventually found
by shifting the center of gravity farther aft in the missile.

Several changes were made in the missile. The interior eqnipmenf
was repackaged for better accessibility and space utilization; the three
0il accumlators vwere manifolded to insure that all control components
would remain operative together; and some changes were made in the telem-
etry system to adopt more shockproof and more linear transducers, improved
sampling commutators, and finer ram pressure gauges. The ram pressure
probe was embodied in a new nose spike:type telemetry antenna. Wind-
tunnel tests trying out ailerons with wvarious types of aerodynamic balance
features designed to reduce the hinge moments and thus to conserve oil,

led to a compromise solution for the simple trailing edge aileron

Lo. Status Rept, 15 Feb 50, op. cit., pp. 1 and 22.
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configuration. To provide some of the ballast needed on non-warhead
missiles, the main fins were machined from solid aluminum alloy.

In an effort to avoid premature motor stalling when transverse or
negative accelerations cause propellant liquid to surge or slosh and
uncover the tank outlets, several designs of conical internal hoppers
and flexible bladders, which would keep the outlets covered until all
fuel was exhausted, were developed and tried under laboratory and test
stand conditions. The answer to the minimization of eccentriec thrust was
eventually found in rigorous control of nozzle manufacture and alignment.
The only other change introduced in the power plant structure was in the
tank configuration. The propellant and air tanks were made into an
integral unit.

Launcher

Many improvements and additions were made to the launching equipmernt,
including an experimental, extremely light, portable monorail launcher.
Although the original monorail launcher weighed only 5,000 pounds, an
effort was made to develop one tﬁat would be extremely light so that it
could be readily transported by air and assembled by manpower alone. Such
a launcher was actually built. By virtue of efficient design and exten-
sive use of aluminum alloy, the overall weight, excluding ballast boxes,
was reduced to 2,050 pounds. A demonstration proved that the components
could be satisfactorily handled by an eight-man crew, requiring less than
ten minutes to unload and assemble the launcher. However, the lightweight
model was considerably more expensive than the standard model; it was

stored after having been used for only a few test firings.hl

I1.” Proj NIKE History, BIL, op. cit., pp. 36-37.
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NIKE 484 Test Program

s Although the NIKE 48L4 field tests were primarily intended to demon-
strate missile behavior under severe and complex pitch and yaw command
N conditions, they served a number of secondary purposes dictated partly
by necessity, partly by opportunity. They did indeed demonstrate NIKE
to be a true guided missile, remotely controllsble from the ground, fhus
proving the command guidance link of the missile-tracking radar with the
beacon and order transmission links over the monopulse radar beam. The
sixteen missiles gave further proof of the suitability of the present
configuration, components, structure, and methods of construction. Sever-
al variations were introduced which indicated the feasibility and desir-
ability of moving the center of gravity closer to the center of pressure,
and of starting the sustaining motor after booster separation.ha A
detailed outline of test results is given in Table 6 of Appendix 5.

In general, roll stabilization of the missiles was very good and at
times excellent. Telemetering records and radar tracking indicated that
the missile received and accurately executed all commands. But these
results were'not accomplished without incidents and problems. For
instance, it was found that first order dynamic structural bending
vibrations of the missile body at about 20 cycles per second (cps) were
being sensed by the control accelerometers and rate gyros, thus
catastrophically upsetting the response of the missile to control orders.

This trouble was finally eliminated by relocating the accelerometers

closer to a node and inserting attenuation at 20 cps in the rate gyro

42. TIn previous firings, it was necessary to start missile motor during
first half-second after launching.
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circuit. Another unforeseen problem was encountered with some of the
control valves, which functioned erratically and caused some intermittent
control discontinuities. Several circuit changes and the establishment
of proper oil cleanliness procedﬁres were necessary to eliminate this
aifﬁculty,

In four of the last five rounds, the low-power klystron beacon was
replaced by a new, more powerful magnetron beacon with gratifying results.
Round 43 was deliberately guided through the transonic phase and for a
considerable time in the subsonic regime with satisfactory response in
pitch and yaw.
| Several rounds were launched from the new portable lightweight mono-
rail launcher which gave excellent service. Launch, boost, and separation
from the single booster were successful in all cases. One round carried
a nev angle of attack meter which provided aerodynamic stability data
confirming wind-tunnel measurements. Designed to give an accurate measure-
ment in subsonic, as well as supersonic flight, the new instrument was
developed by DAC; in conjunction with G. M. Giannini & Company. It
telemeters the angles of pitch and yaw.

The 484 field tests proved that the prototype design was satisfactory
and that it could be scaled down by a third without 1mpaifing its accuracy.
This change favorably increased the frequency response and was therefore
incorporated in a subsequent model which was carried by many of the NIKE
490 series missiles.h3

Planning Conference

The eighth planning conference, held at WSFG late in March 1950;

43, ProJ NIKE History, BTL, op. cit., pp. 38-39; and Status Rept, 15 Aug
50, op. cit., p. T ff.
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concerned itself, first, with a digest of flight test results as far as
they had accrued; and second, it considered conclusions and recommen-
dations for the next phase of the test program. The then remaining six
484 missiles were to bracket all parameter ranges and insure .proof of
proper roll and steering control at high altitudes and low dynamic
pressures or wherever else it may be critical, Of the next series of
missiles to be produced—and designated as Model 490—another batch of at
least sixteen was to be gssigned to a precise performance test program in
1950 before embarking upoﬁ the official NIKE system trials in 1951. All
of these tests had to be scheduled and interspersed with the activities
required on behalf of the development of the tactical version NIKE I.hh

Performance Test Period

(May 1950 to July 1951)

This stage of the NIKE develcpment program was divided into two major

periods—-one devoted to construction and preparation, followed by the
first part of planned performance tests in the last three months of 1950.
Ten of the assigned sixteen missliles had been expended when performsuce
tests were interrupted by unexpected troubles. Following the elimingtion
of trouble sources, the test activities were resumed, with the next six
rounds being fired tetween April and July 1951.
Radar

Barly in 1951, the radar, which had given generally satisfactory
service as a missile tracking and steering order transmitter since its
installation, was subjected to several improvements and refinements pre-

paratory to the system tests. The single motor drive for elevation of

Lk, Proj NIKE History, BTL, op. cit., p. 4O.
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the antenns mount, which was found to be marginal, was replaced by a dual
motor drive. Extensive laboratory and envirommental tests had been con-
ducted at Whippany to improve the electrical boresight stability of the
angle error detectors and the edjustment stability of the automatic gain
control circuits. As a result of these tests, better circuits and
components were developed and installed in the redar at WSPG. Another
innovation was a monitoring and test unit, which made it possible for an
operator to check, in less than a minute, all the adjustments of the order
commnication circuits on & built-in oscilloscope. All of these changes
improved radar performance. The coded pulse system, which was introduced
to eliminate radar-missile command interference, functioned perfectly.
During the first tests at WSPG, a very accurate method for tore-
sighting the radars was developed. (This method was carried through to
the tactical NIKE I System.) A small waveguide horn was mounted on top
of a 60-foot pole located about 600 feet from the radar antenna. A small
X-band rapid-fading (RF) test source, under remote control of the radar;
provided RF power to this horn by means of a waveguide running up the
pole. Small optical targets were also located on top 6f the mast on each
side of the RF horn by the same parallax distance as the optical telescope
on the radar was located from the electrical center of the antenna. With
this equipment and a special technique of "dumping" the antenna %o
elimingte the effect of any ground reflections, it became possible to
boresight the radar electrical axis to the optical telescope to an accu-
racy of about 0.05 mil. From this point on, the optical telescope was
used as the reference in the system tests when both missile and target

radars had to be boresighted with respect to each other.
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To show the accuracy of reflection tracking, a number of boresight
and instrument films were taken with an improvised instellation of syn-
chronized cameras to record data from the radar and the computer. The
effort was frustrated by various malfunctions, so a new and more
elaborate camera system had to be developed for the system tests.

A second radar, for target tracking, was under construction at
Whippany. In general, this raﬁaf was similar to the missile radar, ex-
cept for the omission of missile steering order equipment and certain
mechanical and electricel improvements. All the improvements and refine-
ments of the missile radar were built into the target radar.

Computer

Meanwhile, the construction and testing of the NIKE computer
components had been completed, along with the assembly and wiring of the
entire computer. Preparatory to shipment to White Sands for use in 1951
system tests, the computer was put through the prelimihary stages of
qualitative tests on the system tester.

A second computer, to be retained for use in the lsboratory system
tester, was in the final wiring and preliminary testing stage. The test
bays, to be associated with both computers for checking purposes, were in
process of construction.hs
Missile

Based on observations made during the previous (48l4) test series, a

number of changes were introduced in the missile structure, which became

45. Proj NIKE History, BTL, op. cit., pp. 4l-42; Status Rept, 15 Aug 50,
op. cit., p. 25 ff; "Project NIKE Progress Report," BTL, 1 Mar 51,
p. [ £f. (AR